Introduction
MPAs are recognized as a main tool for accomplishing a broad spectrum of objectives related both to nature conservation and protection of key habitats and species, support of local communities and nature-based tourism [1, 2] , and the sustainable management of fisheries [3] [4] [5] . Italian legislation [6, 7] stipulated the establishment of a series of more than 50 coastal and marine sites requiring protection, and 25 national MPAs have been created around the Italian coast by 2009 ( Figure 1 ).
The Italian MPAs are multiple-use protected areas conventionally implemented according to three different protection levels [8] , typically including one or more core zones (i.e., no-entry, no-take reserves).
Ustica was the first MPA instituted in Italy in 1991. It is a small volcanic island situated 36 miles off the north-west coast of Sicily (southern Tyrrhenian Sea, Italy; 10
• 43 43 E-38
• 42 20 N). The island of Ustica is the relict of a large volcanic edifice, which developed first submarine, then subaerial, during the Quaternary. The island is 248 m high a.s.l., and its base lies about 2000 m below sea level. The rocks of the islands are volcanic, except for a small sedimentary area on the western coast. The products of submarine volcanic activity are mainly basalts [9] . Assemblages of photophilic algae, Posidonia oceanica beds, and coralligenous, concretions are the prevailing biotic communities [10] . Some areas of soft bottom exist, but these are restricted to small lenses of coarse and pebbles [11] .
To assess the oceanographic features of the A zone of Ustica, we compared our data with some recent studies on the Mediterranean and its hydrographic characteristics [12] [13] [14] , and in particular a recent study [15] supported by the Commission Internationale pour l'Exploration Scientifique de la Mer Mediterranée (CIESM).
Materials and Methods

Study Area.
Ustica MPA, established in 1986 and effectively running since 1991, encompasses a total area of 16000 ha and is divided into three zones with different levels of protection ( Figure 2 ).
Zone A (about 60 ha), in the western part of the island, is a no-take area (or integral reserve) where only scientific research is permitted. Tourist swimming is restricted to two bays at the southernmost (Cala Acquario) and northernmost limits (Cala Sidoti) of the integral reserve. Local commercial fishing is permitted in zone B of the general reserve (about 7860 ha, stretching along both sides of zone A) and zone C (about 8031 ha, in the southern part of the island from E-NE to SW) only [16, 17] . There are no restrictions on recreational activities (i.e., scuba diving, boat anchoring, swimming, and angling) in both of these zones. Temporal data series indicating current levels of recreational uses at the site are largely unavailable [18] .
Sampling and Analytical
Methods. Each Italian MPA functions as a discrete entity at three key levels, administrative-institutional, socioeconomic, and scientific, reducing the opportunities for sharing efforts, resources, and experiences. ICRAM (Central Institute for the Research applied to the Sea), the lead marine research agency of the Italian government, conceived and financed a scientific research program, "Sistema Afrodite" [19] , which was a first attempt at merging Italian MPAs into a national network for the specific purposes of standardizing scientific research, sharing information, and helping to improve the overall (v) benthic sampling, by photographic and visual cover estimates every 6 months on hard-bottom benthos (subtidal zones) within the A zone, while two control samples are taken within zone B or C.
The location of the sampling stations in Ustica MPA, the fortnightly sequence, and the typology of analysis were established according to the same principles adopted in all the other MPAs surveyed within the National Project "Sistema Afrodite" [19] and according to the Italian Legislative Decree 152/99.
Water samples for our study were collected from September 13 The samples were collected using a Niskin bottle and carried out at 0 and 7 m depth in the station 1 and at 0, 10, 30, and 40 m depth in the station 3, according to bottom depths and to the directive of the Italian Legislative Decree 152/99. Hydrological data were collected with a salinometer YSI 80.
Samples for nutrients and chlorophyll a were treated and analyzed according to Innamorati et al. [22] .
The WinSTAT (2007.1) software was used for statistical treatment of the data. One way analysis of variance (ANOVA) was applied to the data to determine the presence of significant differences (Least Square Differences-LSD, significant level P < .05) in the seasonally characteristics of sea waters.
Results
The TS diagram (Figure 4 The salinity seasonal values ( Figure 5 ), grouped in frequency classes, showed a larger variability in autumn and winter.
The salinity distribution differs also during the same season from year to year. Often the superficial layer sampled in the MPA of Ustica performed sudden changes of its hydrological characteristics from one sampling to another.
Similar trends were observed for concentrations of silicate (Figure 6 ), nitrate (Figure 7) , and phosphate ( Figure 8) .
The concentration of phosphates showed a range from 1.57 to 0.05 μM. The bulk of values were smaller than 0.2 μM in spring and in summer, but in fall and in winter the class of 0.3 μM increased its weight. The classes higher than 0.5 μM collect mainly autumn and winter values. Ranges for phosphate, nitrate, and silicate were within values identified by other authors in more recent surveys [23] .
A natural shifting toward higher values in fall and in winter is to be expected, because of the mineralization processes into the upper layer of the water column and the increased vertical mixing after the destruction of the summer thermocline. Nevertheless in winter and autumn the higher classes of values show relative frequencies higher than expected.
In spring and in summer total chlorophyll a values ( Figure 9 ) are concentrated in the lower classes (≤2 mg/mc).
Concentrations as high as 11 mg/mc of Chlorophyll a can be found in winter and autumn to a lesser extent.
The trend of higher mean values (Table 1) The statistical treatment by ANOVA (Table 2) applied to the seasonal grouping of data for each parameter revealed similarities in the seasonal trend. Similar trend between 
Discussion and Conclusions
The processing of data on the MPA of Ustica has revealed a differentiation not only in seasonal cycles but also between two successive yearly cycles. The heterogeneity observed for salinity, derived by TS diagram and by its distribution in the values classes, is a direct result of the movement of different water masses in the area. The silicates and dissolved oxygen trends are in agreement with that of salinity. Also these last two parameters are often used in the identification of water masses.
Geographically the island of Ustica is located on the route of a minor branch of the Atlantic Water, which travels to the surface through the channel of Sardinia and then along the northern coast of Sicily. Below the AW, the presence of Western Intermediate Water (WIW) is organized in subsurface isolate vortex [24] advected along the basin by the large-scale current. Like the Meddies in Atlantic Ocean, lenses of WIW are able to travel thousands of kilometers, preserving the identity of the source water. The Tyrrhenian basin is reached also by the Levantine Intermediate Water (LIW) coming by the Sicily channel and flowing along the Sicilian slope.
The overall cyclonic circulation in the Tyrrhenian coexists with several closed structures (gyres). In the surface eddies and gyre may be wind driven [25] . Presence of warm and cold structures, some permanent, other intermittent, was evidenced by satellite images [26] and by eXpendable Bathy-Thermographs (XBT) data analysis [14] . The smallscale mixing processes prevail over the large-scale ones. Topographic effects could be effective on deviating the currents and eddies trajectories, both on surface as on depth [15] .
Moreover Gasparini et al. [13] have identified numerous interannual variations in the exchange of water masses between the southern Tyrrhenian Sea and the rest of the Mediterranean.
In our opinion, in the waters of the MPA of Ustica the variability over time for the parameters examined can to be considered associated with the transit of eddies along the edge of the Atlantic current that flows along the northern coast of Sicily. The sampling strategy adopted for the investigation of MPA in the "system Aphrodite" is not suitable to detect this phenomenon in the case of Ustica. A different sampling strategy would make the island of Ustica a privileged point of observation to study the dynamics of eddies in the southern Tyrrhenian.
Finally, this study did not find a detectable human influence on the hydrological characteristics of the MPA, despite the increase in population due to tourism, which is recorded during the summer months [27, 28] .
